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In this dissertation, we have studied the thermal and mechanical properties of 
graphene (two-dimensional) and carbon nanotube (one-dimensional) materials. For 
the study of mechanical properties of graphene nanoribbons, a new nanostructure is 
proposed in this dissertation, namely, knitted graphene-nanoribbon sheet (KGS), 
which consists of zigzag and/or armchair graphene nanoribbons. The knitting 
technology is introduced to graphene nanotechnology to produce large area graphene 
sheets. Compared with pristine graphene, the chirality of a knitted 
graphene-nanoribbon sheet is much more flexible and can be designed on demand. 
The mechanical properties of KGS are investigated by molecular dynamics 
simulations, including the effect of vacancies. With hydrogen atoms saturating the 
ribbon edges, the structure (KGS+H) is found to be of significant mechanical 
robustness, whose fracture does not rely on the critical bonds. The fracture strain of 
KGS+H remains nearly unchanged as long as there keeps a single defect-free 
graphene nanoribbon in the tensile direction. This graphene nano knitting technique is 
experimentally feasible inspired by a recent demonstration, by Fournier et al [Phys. 
Rev. B, (2011) 84, 035435] of lifting a single molecular wire using a combined 
frequency-modulated atomic force and tunnelling microscope. 
Graphene is an outstanding material with ultrahigh thermal conductivity. Its thermal 
transfer properties under various strains are studied by reverse nonequilibrium 
molecular dynamics. Based on the unique two-dimensional structure of graphene, the 
distinctive geometries of graphene sheets and graphene nanoribbons with large 
flexibility and their intriguing thermal properties are demonstrated under strains. For 
example, the corrugation under uniaxial compression and helical structure under light 
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different thermal conductivities. The important robustness of thermal conductivity is 
found in the corrugated and helical configurations of graphene nanoribbons. 
Nevertheless, thermal conductivity of graphene is very sensitive to tensile strain. The 
relationship among phonon frequency, strain and thermal conductivity are analyzed. A 
similar trend line of phonon frequency dependence of thermal conductivity are 
observed for armchair graphene nanoribbons and zigzag graphene nanoribbons. Such 
unique thermal properties of graphene nanoribbons under strains suggest their great 
potentials for nanoscale thermal managements and thermoelectric applications. 
A method of nano-manipulation was proposed in this dissertation to manipulate 
nanoparticles through a thermal gradient. The motion of a fullerene molecule enclosed 
inside a (10, 10) carbon nanotube with a thermal gradient was studied by molecular 
dynamics simulations. We created a one-dimensional potential valley by imposing a 
symmetrical thermal gradient inside the nanotube. When the temperature gradient was 
large enough, the fullerene sank into the valley and became trapped. The escaping 
velocities of the fullerene were evaluated based on the relationship between thermal 
gradient and thermophoretic force. We then introduced a new way to manipulate the 
position of nanoparticles by translating the position of thermostats with desirable 
thermal gradients. Compared to nanomanipulation using a scanning tunneling 
microscope or an atomic force microscope, our method for nanomanipulation has a 
great advantage by not requiring a direct contact between the probe and the object. 
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